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Technical Abstract

A large but conflicting literature exists which suggests that the seismic propagation properties of the
Earth in selsmogenic areas may be tempordly variable and could be corrdlated with the nuclestion
times of moderate to large earthquakes. During this project, methods of identifying the best natura
sources for addressing this problem and new andysis techniques were devel oped and gpplied to obtain
bounds on dlowed tempord variability of seismic parameters. Work included the comprehensive
identification of microearthquakes producing smilar seismic wavefiddsin large digita data sets and the
use of these sources in the andlysis of shear-wave splitting, wave velocity, and seismic coda. A related
project dso used earthquake cluster catadogs obtained under NEHRP support to obtain a new
gmdl-scale stress map of the Anza region and corresponding  ingght into the mechanica forces
currently operating there. Conclusions are pessmisgtic for earthquake prediction, in that no evidence
was seen for precursory changes in two seismically active regions of the San Andreas fault system with
high seismic hazard. However, it is dso clear that the present resolution of the measurements il
alows smdl precursory changes and that the ongoing improvement in data qudity will alow future
estimates to be made at even higher resolution to continue to address the crucid issue of whether or
not earthquakes have identifiable precursors. Andyss of the Landers mainshock region, which
ruptured during this project, isongoing under current NEHRP support.

Non-technical Abstract

Evidence for sysematic changes in otherwise nearly identicd microearthquake seismograms was
evauated. Such variations, if detectable, would provide evidence for physica changesin and adjacent



to active fault zones, with corresponding applications towards earthquake prediction.  Although the
sudy was sengtive to previoudy unattainable levels of resolution, no such effects were detected.
However, this project was dso insrumentd in obtaining a new high-resolution regiond map of
stressesin the Anza seismic gap in southern Cdifornia, and is presently being used in an ongoing study
of the 1992 Landers earthquake region, which produced the largest earthquake in Cdifornia during the
past 50 years.

Summary of Results from this Project

Aster and Scott (1993) published a summary of useful gpplications for amilar earthquakes
which included a widely-used agorithm for unbiased characterization of wavefidd smilarity in large
digitd microearthquake data sets based on median network crosscorreation maxima A
three-component digital data set spanning 10 years recorded the Anza seismic gap was used as an
example and served as a data set for severa subsequent publications.

Hartse et al. (1994) (co-sponsored by Los Alamos/IGPP award number  324) utilized focal
mechanism inversons to reved sSgnificant lateral variaions in stress orientations along the Anza
segment of the San Jacinto fault zone, The most notable stress anomaly is within the 20 km assismic
(seismic gap) portion of the fault zone s1, where the maximum-compressive stress is nearly horizonta
and is oriented at 74° £13° relative to the fault strike. This contrasts with orientations ranging from
62° + 11° to 49°+ 7° aong the more seismicaly active portions of the fault zone immediately to the
northwest and southeast of the seismic gap. Approximatey 15 km west of the seismic gap, in the
off-fault Cahuilla swarm areg, s1 and s3 solutions are rotated clockwise by about 25° relative to the
regiond dress modd of s: horizontal and trending north-south and ss horizontd and trending
east-west. Roughly 10 km southeast of the seismic gap near the Buck Ridge fault, s: and sz are
rotated counter-clockwise by about 10° relative to the regional solution. Northwest of the seismic gap,
aong the fault zone, s3 plunges about 30° from the horizonta, correlating with a loca increase in
reverse faulting between the Hot Springs and San Jacinto faults. Southeast of the seilsmic gap, s:
plunges about 45° from the horizontal, correlating with a local increase in norma faulting in the
trifurcation region of the Buck Ridge, Clark and Coyote Creek faultsWe propose a smple mechanica
modd in which a block rotation superimposed on the dominant right-latera strike-dip motion of the
fault zone satidfies the firg-order observations of stress orientation, faulting, and horizontal surface
grain. Under this modd the Anza seismic gap isthe region of zero convergence between the northeast
and southwest sides of the fault, and the fault zone strength within the seismic gap is either comparable
or exceeds fault zone strength adjacent to the gap.

Scott et al. (1995) used smilar earthquake pairs recorded by the Anza Seismic Network as
repeatable sources to place an upper limit on tempora changes in seismic velocity in the vicinity of the
Anza seismic gap during a 10 year period from 1982 - 1992. Rdative arriva times for each pair of
events were found using a cross-correlation method and relative locations were calculated to verify that
the pairs have nearly identica hypocenters. Tempora separation between events in these pairs varied
from lessthan 1 dto aimost 7 y. It was determined that the long-term changes in seismic travel times,
as measured from the pairs with the longest tempora separations, were not significantly greater than
the noise level estimated from the short-time-separation event pairs. Almost al P-wave paths showed
lessthan 0.06% (0.007 s) change in travel time and al S-wave paths showed less than 0.03% (0.004
S) change. Senditivity tests placed an upper bound on travel-time changes that could be compensated



by hypocenter midocation at 0.2%. There was thus no evidence found to support the hypothesis that
localized stress accumulation is  causing measurable seismic changes in seismic velocity in the Anza
region.

Adter et al. (1996) (in press, expected publication date: April, 1996) summarized the large but
conflicting literature which exists suggesting that the scattering properties of the Earth in seismogenic
areas may be tempordly variable and that this variability could be correlated with the nuclestion times
of moderate to large earthquakes. To search for temporal variations in coda Q in the vicinity of an
expected moderate earthquake nucleation region aong the San Jacinto fault zone, pairs and clusters of
earthquakes recorded by the Anza Seismic Network between 1982 and 1992 were examined. To
minimize differences arisng from path and source variability, only the mogt amilar examples of
microearthquake wavefields were intercompared. To assess coda Q differences between samilar
microearthquake signds, a search was performed for systematic tempora changes in moving-window
gpectra amplitude ratios. Coda variation attributable to source differences produces a spectra ratio
term which is constant with respect to seismogram time and thus can  be discriminated from temporal
change in the Earth response. For a Sngle-scattering coda model with an envelope decay function of
the form t"e"<, the relationship between the natural log amplitude spectral ratio and DQ = Quw-Qu™
islinear, i.e, Inr(f, t) = pftDQ'l(f) + W(F), where W(f) is a time-independent relative source term. To
obtain robust uncertainty estimates
Q(f) and W( f ), we utilized multitaper spectra analysis coupled with a non-parametric Monte Carlo
confidence interva estimation procedure.  For the most smilar events in the Anza region (coda
crosscorreation values of approximately 0.7 for 16 s of coda), it was found that coda Q as a function
of timewas stable at atypicd 1s resolution of only between -25% and +50% of the reference coda
Q vdue for the area, even in the best-congrained frequency bands. Comparison of smilar
microearthquake coda signas with both short and long temporal separations indicated that dl of this
variability can be reasonably attributed to random fluctuations in the coda which are driven by source
variability and was not indicative of any systematic tempord variability in coda Q. To obtain estimates

of relative coda Q that are more precise than this level, the spectrd ratio andlyss technique requires
ggnificantly more smilar earthquakes than are produced by seismogenic processes in the Anza region.
Such earthquakes have been observed to occur in other regions of the San Andreas Fault system and
were andyzed in Antolik et d. (see below).

Antolik et al. (1996) (accepted for publication, expected publication date: April, 1996) noted
that nearly two-thirds of the microsaismicity occurring a Parkfield, Cdifornia conssts of repegting
clusters of closely located events exhibiting waveform crosscorrelation values exceeding 0.95. This
observation, coupled with avery high probability for aM~ 6 earthquake within the next decade, make
this segment of the San Andreas fault system a prime location to search for temporal variations in coda
Q associated with crustal changes which may occur during the earthquake cycle. The coda comparison
andyss method described in Part 1 of this study (Aster et al., 1996; summarized above) was applied
to data from four borehole stations of the Parkfield High Resolution Seismic Network for the period
January, 1987 through February, 1994. We examined 21 of the nearly 300 repesating clusters observed
to date. The redtriction of the data set to only the most highly smilar sources was observed to be
critica; small differences in source processes, even for event pars with centroid locations within
approximatdy 20 m, significantly increased the spurious noise level in the parameter estimates.
Absolute  68% confidence bound estimates obtained on the repeatability of coda Q for dl
microearthquake pairs were £10% for frequencies below 20 Hz. Tighter constraints are obtainable by



reconstructing the tempora history of coda Q from the first difference measurements between
microearthquake pairs. These functiona reconstructions showed that the mean vaue of coda Q did
not vary by more than approximatey 5% from 3-30 Hz at the 1s level during the study period.
However other observables, such as an increased level of microseismicity, suggest that a preparatory
stage for the next Parkfield earthquake has begun, indicating that coda Q is so far showing no sgns of
sengitivity to preparatory processesat Parkfield.
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